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CLAIMS 

1. A method for finding a deformed pattern in an image, the method comprising: 
providing a plurality of features that represent the deformed pattern in the 

image; 

dividing the plurality of features into a plurality of sub-pluralities, each sub- 
plurality representing a sub-pattern in the image, a plurality of the sub-patterns 
representing the deformed pattern; 

determining a distance between each pair of sub-patterns of the plurality 
of sub-pluralities; 

selecting a first sub-pattern to locate in the image; 

locating the first sub-pattern in the image so as to provide a first sub- 
pattern location; 

using the first sub-pattern location to select a second sub-pattern to locate 
in the image; and 

locating the second sub-pattern in the image so as to provide a second 
sub-pattern location; and 

using the first sub-pattern location and the second sub-pattern location to 
determine a location of the deformed pattern. 



COGNEX CONFIDENTIAL 



32 



C03-003 

2. The method of claim 1, wherein providing a plurality of features that represent 
the deformed pattern in the image includes: 

detecting features in the image. 

3. The method of claim 2, wherein detecting features in the image includes: 

detecting features in the image using a Sobel edge detector. 

4. The method of claim 1, wherein determining a distance between each pair of 
sub-patterns of the plurality of sub-patterns includes: 

storing each distance for later use. 

5. The method of claim 1, wherein determining a distance between each pair of 
sub-patterns of the plurality of sub-patterns includes: 

determining the minimum distance between the pair of sub-patterns. 

6. The method of claim 1 , wherein determining a distance between each pair of 
sub-patterns of the plurality of sub-patterns includes: 

determining the distance between a first feature of a first sub-pattern and 
a second feature of a second sub-pattern. 
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7. The method of claim 1 , wherein determining a distance between each pair of 
sub-patterns of the plurality of sub-patterns includes: 

determining the distance between a first center of a first sub-pattern and a 
second center of a second sub-pattern. 

8. The method of claim 1, wherein locating the first sub-pattern in the image so 
as to provide a first sub-pattern location includes: 

using a feature-based search method for locating the first sub-pattern in 
the image. 

9. The method of claim 1, wherein locating the second sub-pattern in the image 
so as to provide a second sub-pattern location includes: 

computing a search area using the location of the first sub-pattern. 

10. The method of claim 1, wherein locating the second sub-pattern in the image 
so as to provide a second sub-pattern location includes: 

computing an expected angle and an expected scale of the second sub- 
pattern. 

1 1 . The method of claim 10, wherein the expected scale is the expected X- 
dimension scale and the expected Y-dimension scale. 
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12. The method of claim 10, further including computing an expected aspect 
ratio of the second sub-pattern. 

13. The method of claim 10, further including: 

using the expected angle and the expected scale of the second sub- 
pattern so as to provide an angular search range and a scale search range. 

14 The method of claim 13, wherein the scale search range is an X-dimension 
scale search range, and a Y-dimension scale search range. 

15. The method of claim 13, further including: 

using a distance between the first sub-pattern and the second sub-pattern; 

and 

a deformation rate. 

16. The method of claim 1 , wherein locating the second sub-pattern in the image 
so as to provide a second sub-pattern location includes: 

computing a search area using the location of the first sub-pattern; 

computing an expected angle of the second sub-pattern and an expected 
scale of the second sub-pattern using the angle and scale of the first sub-pattern; 

using the expected angle of the second sub-pattern, the expected scale of 
the second sub-pattern, a distance between the first sub-pattern and the second 
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sub-pattern, and a deformation rate so as to provide an expanded search area, 
an angular search range, and a scale search range; and 

locating the second sub-pattern within the expanded search area, the 
angular search range, and the scale search range so as to provide a second sub- 
pattern location. 

17. The method of claim 16, wherein using the expected angle of the second 
sub-pattern, the expected scale of the second sub-pattern, a distance between 
the first sub-pattern and the second sub-pattern, and a deformation rate so as to 
provide an expanded search area, an angular search range, and a scale search 
range includes: 

increasing the size of the expanded search area, the angular search 
range, and the scale search range upon an increase in the distance between the 
first sub-pattern and the second sub-pattern. 

18. The method of claim 16, wherein using the expected angle of the second 
sub-pattern, the expected scale of the second sub-pattern, a distance between 
the first sub-pattern and the second sub-pattern, and a deformation rate so as to 
provide an expanded search area, an angular search range, and a scale search 
range includes: 

increasing, in proportion to the deformation rate, the size of the expanded 
search area, the angular search range, and the scale search range. 
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19. The method of claim 16, wherein using the expected angle of the second 
sub-pattern, the expected scale of the second sub-pattern, a distance between 
the first sub-pattern and the second sub-pattern, and a deformation rate so as to 
provide an expanded search area, an angular search range, and a scale search 
range includes: 

increasing, in proportion to the deformation rate, the size of the expanded 
search area, the angular search range, and the scale search range upon an 
increase in the distance between the first sub-pattern and the second sub- 
pattern. 

20. The method of claim 16, wherein computing an expected angle of the 
second sub-pattern and an expected scale of the second sub-pattern using the 
angle and scale of the first sub-pattern includes: 

computing an expected X-dimension scale and an expected Y-dimension 
scale using the X-dimension scale of the first sub-pattern and the Y-dimension 
scale of the first sub-pattern, respectively. 

21. The method of claim 16, wherein computing an expected angle of the 
second sub-pattern and an expected scale of the second sub-pattern using the 
angle and scale of the first sub-pattern includes: 

computing an angular uncertainty and a scale uncertainty of the second 
sub-pattern using an angular uncertainty and a scale uncertainty of the first sub- 
pattern, respectively. 
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22. The method of claim 21 , wherein computing an angular uncertainty and a 
scale uncertainty of the second sub-pattern using an angular uncertainty and a 
scale uncertainty of the first sub-pattern, respectively includes: 

computing an X-dimension scale uncertainty and a Y-dimension scale 
uncertainty of the second sub-pattern using an X-dimension scale uncertainty of 
the first sub-pattern, and a Y-dimension scale uncertainty of the first sub-pattern, 
respectively. 

23. A method for characterizing a deformed pattern in an image, the method 
comprising: 

providing a plurality of features that represent the deformed pattern in the 

image; 

dividing the plurality of features into a plurality of sub-pluralities, each sub- 
plurality representing a sub-pattern in the image, a plurality of the sub-patterns 
representing the deformed pattern; 

determining a distance between each pair of sub-patterns of the plurality 
of sub-pluralities; 

locating a first sub-pattern in the image so as to provide a first sub-pattern 
location; 

locating a second sub-pattern in the image so as to provide a second sub- 
pattern location; and 
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using the first sub-pattern location and the second sub-pattern location for 
determining a deformation mapping that characterizes the deformed pattern in 
the image. 

24. A method for characterizing a deformed pattern in an image, the method 
comprising: 

dividing the deformed pattern into at least a first sub-pattern and a second 
sub-pattern; 

locating the first sub-pattern in the image so as to provide a first sub- 
pattern pose; 

locating the second sub-pattern in the image so as to provide a second 
sub-pattern pose; and 

using the first sub-pattern pose and the second sub-pattern pose for 
determining a deformation mapping that characterizes the deformed pattern in 
the image. 

25. The method of claim 24, wherein using the first sub-pattern pose and the 
second sub-pattern pose for determining a deformation mapping that 
characterizes the deformed pattern in the image includes: 

deriving a plurality of source points from the first sub-pattern and a 
plurality of source points from the second sub-pattern; 

generating a plurality of destination points from the source points and the 
sub-pattern poses; and 
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using a transform to fit the plurality of source points and plurality of 
destination points so as to create the global deformation map. 

26. The method of claim 25, wherein the transform is a perspective transform. 

27. The method of claim 25, wherein the transform is an affine transform. 

28. The method of claim 25, wherein the transform is a spline transform. 

29. The method of claim 25, wherein the transform is a thin-plate spline 
transform. 

30. The method of claim 25, wherein the transform is a cylinder transform. 

31. The method of claim 25, wherein the transform is fit using a least-squares-fit 
method. 

32. The method of claim 25, wherein the transform is fit using a Total Variation 
method . 

33. The method of claim 25, wherein the transform is fit using a Robust M- 
estimators method. 
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34. The method of claim 25, wherein the transform is fit using a Minimum L p - 
Norm Estimation. 

35. The method of claim 25, wherein the transform is fit using a Least Median of 
Squares method. 

36. The method of claim 24, wherein the first sub-pattern and the second sub- 
pattern each include a plurality of feature points. 

37. The method of claim 24, wherein the first sub-pattern and the second sub- 
pattern each include a region. 

38. The method of claim 37, wherein each region is converted into feature points. 

39. The method of claim 38, wherein each region is converted into feature points 
by: 

representing each sub-pattern as a region having a boundary and interior 
area; and 

selecting a plurality of boundary points along the boundary. 

40. The method of claim 39, wherein the boundary points include corners. 
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41 . The method of claim 39, where the boundary points include a point midway 
between two vertices of the boundary. 

42. The method of claim 25, wherein deriving a plurality of source points from 
the first sub-pattern and a plurality of source points from the second sub-pattern 
includes: 

representing each sub-pattern as a region having a boundary and an 
interior area; 

selecting at least one interior point. 

43. The method of claim 25, wherein deriving a plurality of source points from 
the first sub-pattern and a plurality of source points from the second sub-pattern 
includes: 

representing each sub-pattern as a region having a boundary and an 
interior area; 

selecting a plurality of boundary points along the boundary. 

44. The method of claim 43, wherein the boundary points include corners. 

45. The method of claim 43, where the boundary points include a point midway 
between two vertices of the boundary. 
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46. The method of claim 25, wherein dividing the deformed pattern into at least a 
first sub-pattern and a second sub-pattern includes: 

dividing the deformed pattern in the image into a plurality of contiguous 
rectilinear regions so as to form a grid that extends over at least most of the 
deformed pattern, thereby providing at least a first sub-pattern and a second sub- 
pattern; and 

deriving a plurality of source points from at least the first sub-pattern and 
the second sub-pattern. 

47. The method of claim 25, wherein deriving a plurality of source points from 
the first sub-pattern and a plurality of source points from the second sub-pattern 
includes: 

representing each sub-pattern as a plurality of feature points; and 
sub-sampling the plurality of feature points so as to reduce the number of 
feature points in each sub-pattern. 
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